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Abstract of JP1 023721 5 
PROBLEM TO BE SOLVED: To provide a 
method and equipment for effectively 
decomposing a waste plastic and obtaining a 
reusable useful material. SOLUTION: In this 
method, a waste resin is treated with water in 
a supercritical state, containing a reaction 
accelerator such as an acid or base, or heat 
treated in nitrogen in a supercritical state, 
pressurized to a critical pressure or higher, 
thus decomposing the resin into low- 
molecular-weight components. The equipment 
is provided with a cooler 17 for cooling a waste 
resin to make it brittle, a grinding unit 19, a 
mixer 20 for mixing the ground resin with a 
reaction medium, a reaction tank 23 for 
holding a mixed slurry and decomposing the 
resin by the reaction medium kept in a 
supercritical state, a separator for separating 
the reaction medium from the product of 
decomposition of the resin, and a mechanism 
for circulating the separated reaction medium. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and 
equipment for effectively decomposing a waste plastic 
and obtaining a reusable useful material. 
SOLUTION: In this method, a waste resin is treated with 
water in a supercritical state, containing a reaction 
accelerator such as an acid or base, or heat treated in 
nitrogen in a supercritical state, pressurized to a critical 
pressure or higher, thus decomposing the resin into low- 
molecular-weight components. The equipment is 
provided with a cooler 1 7 for cooling a waste resin to 
make it brittle, a grinding unit 19, a mixer 20 for mixing 
the ground resin with a reaction medium, a reaction tank 
23 for holding a mixed slurry and decomposing the resin 
by the reaction medium kept in a supercritical state, a 
separator for separating the reaction medium from the 
product of decomposition of the resin, and a mechanism 
for circulating the separated reaction medium. 
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* NOTICES ♦ 

JPO tnd HCtPI arg not responsible for any 
dances caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which cart not be translated. 
3 In the drawings, any words are not translated. 

CLAIMS 



(Cbimto) 

(Claim 1] The decomposition art of the resin trash characterized by contacting resin trash in the 
water of the supercritical condition containing a reaction accelerator, and decomposing into a 
low molecular weight constituent. 

[Claim 2] The decomposition art of the resin trash characterized by heating resai trash in the 
inert gas pressurized more than critical pressure, and decomposing into a low molecular weight 

constituent. 

[Claim 3] The decomposition art of the resin trash according to daim 2 characterized by adding 
one or more sorts of fluids chosen from water, methano 1 RU. a carbon dioxide, and oxygen to 
said inert gas. and promoting the decomposition reaction of said resin trash to it. 
[Claim 4] The condensator which cools resin trash to the te m per a ture below the brittle 
temperature, and the crusher which grinds the resin trash cooled by said condensator. The mixer 
which mixes the resin trash ground by said crusher, and a reaction medium. The reaction vessel 
to which hold the mixture of said resin trash and reaction medium, and the decomposition 
reaction of said resin trash is made to perform. The pressurization device which pressurizes the 
reaction medium in said reaction vessel moro than critical pressure, and the heating device in 
which the reaction medium in said reaction vessel is heated more than critical temperature. The 
decomposition processor of the resin trash characterized by having the eliminator which 
separates the resin decomposition product generated within said reaction vessel, and said 
reaction medwm, end the circulator style which supplies again the reaction mecfium separated by 
said eliminator to said mixer. 



[Translation done ] 
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DETAILED DESCRIPTION 



(Detailed Description of the Invention] 
[0001] 

(Field of the Invention] With respect to the decomposition art and decomposition processor of 
resin trash, especially this invention carries out decomposition processini of the trash of 
thermoplastics or thermosetting resin with the fluid of a supercritical condition, and relates to 
the method of generating and collecting reusable useful matter, and its equipment 
[0002] 

[Description of the Prior Art] The increment also of the amount of the device discarded is being 
enhanced with fast increase of the volume of dectrorac equipment in recent years. Although it 
reclaims land from the electronic equipment which became unnecessary as dust from the former, 
reservation of the final disposal site for reclamation has stopped catching up with the increment 
in the amount of disposal. 

[0003] On the other hand, if their eyes are turned to an administrative trend, sequential 
enforcement of recycling bw (law about promotion of recycling of a resource), amendment 
Wastes Disposal and Public Cleaning Law (law about processing and cleaning of trash), the 
container packing method etc. is carried out and prevention of environmental pollution and 
effective use of a resource are called for in processing of resin trash, such as the circuit board 
contained in various electronic equipment and a PET (polyethylene terephthalate) bottle. 
[0004] 

[ProblemU) to be Solved by the Invention] It aims at offering the decomposition art and 
decomposition processor for obtaining the useful matter which it was made in view of the above- 
mentioned situation, reclamation abandonment is carried out as it is from the former in many 
cases, and this invention can disassemble efficiently the resin trash with which the limitation of a 
reclamation place lot poses a problem, and can be reused. 
[0005] 

[Means for Solving the Problem] The decomposition art of the resin trash of invention of the 1st 
of this invention contacts resin trash in the water of the supercritical condition contahing a 
reaction accelerator, and is characterized by decomposing into a low molecular weight 



[0006] Moreover, the decomposition art of the ream trash of invention of the 2nd of this 
invention heats resin trash in the inert gas pressurized more than critical pressure, and is 
characterized by decomposing into a low molecular weight constituent. 
[0007] Furthermore, the decomposition processor of the resin trash of this invention The 
condensator which cools resin trash to the temperature below the brittle temperature, and the 
crusher which grinds the resin trash cooled by said condensator. The mi* or which mixes the 
resin trash ground by said crusher, and a reaction medium. The reaction vessel to which hold the 
mixture of said rosin trash and reaction medium, and the decomposition reaction of said resin 
trash is made to perform. The pressurization device which pressurizes the reaction medajm in 
said reaction vessel more than critical pressure, and the heating device in which the reaction 
medium in said reaction vessel is heated more than critical temperature. It is characterized by 
having the eliminator which separates the resin decomposition product generated within said 



reaction vessel, and said reaction medium, and the circulator style which supplies again the 
reaction medajm separated by said efimmator to said mixer. 

[0008] In invention of **** 1. the water which contained the matter which promotes a 
decomposition reaction as a processing medium, and was maintained at the hot and high- 
pressure supercritical condition more than critical pressure (22J2MPa) more than critical 
tcmperaturo (3742 degrees C) is used. 

[0009] Thermosetting resin Eke the epoxy resin constructed [ the bridge ] for which and 
hardened for example with the acid anhydride as resin by which decomposition processing is 
carried out which has an ester bond b mentioned and an acid or a base is mentioned as matter 
(reaction accelerator) which promotes the decomposition reaction of such resin. Especially. pH It 
is desirable to use the water solution of the supercritical condition held more than critical 
pressure more than the critical temperature of the water with which the water solution or pH of 
three or less acid described above the water solution of the base of or more 1 1 **. bi addition, 
since corrosive is very high, as for the water (water solution) of the supercritical condition 
containing such an acid or a base, it b desirable to constitute the container of a decomposition 
reaction from a viewpoint which protects safety and prevents reaction inhfcttion with a nickel 
system alloy with good corrosion resistance Bus inconel or HasteOoy C. 
[0010] The epoxy resin over which the bridge was constructed with the acid anhydride reacts 
with water, as the ester group which exists in the root of a bridge formation part shown in the 
following reaction formulas. Moreover, this hydrolysis reaction b promoted by use of the water 
solution of an acid or a base. 
[0011) 
[Formula 1) 

O 0 

» I 
R-C-O-R * + Hj 0 — > B-C-OH + HO-R' 

Generally, a bulking agent b scoured by heat-curing resin like an epoxy resin, and this bulking 
agent decreases the touch area of resn and water, and reduces the permeability of the water to 
resin. Moreover, since the compatibility of the macromoleculo part and water molecule which 
consist of a chain b low. it b difficult for a water molecule to arrive at an ester group. 
[0012] In this invention, since water b in the supercritical condition more than critical pressure 
more than the critical temperature, the above-mentioned hydrolysis reaction b promoted That 
is, although water b not mixed with a non-polar oil by ordinary temperature ordinary pressure, in 
the state of supercritical with the description of both a liquid and a gas. the solubility of water 
improves remarkably, and usual shows the high solubility which b not obtained Similarly in the 
state of supercritical, the flood nature to the macromoleculo part which consists of a chain also 
e b enabled to contact by part for an esteratic site, and a hydrolysis 



[0013] in invention of **** 2. the inert gas pressurized more than critical pressure b used as a 
processing medium, and it is decomposed into tew-molecubr by heat-treating resin trash in the 
inert gas ambient atmosphere of a supercritical condition. As inert gas. it is desirable to use rt. 
mentioning the safety to the body and nitrogen since it b cheap, and pressurizing more than the 
critical pressure (3.39MPa). 

[0014] Although resin decomposes end depofymerize b carried out if only temperature is raised 
by ordinary pressure, until e decomposition reaction will generally be in a steady condition at the 
temperature of about 400 degrees C in heating of thermoplastics, such as polyethylene (PE) and 
polypropylene (PP) It takes 5-10 hours, and very long time amount At 450 degrees C. it b in 
30 minutes - 1 hour, and 500 degree C. Although the time amount which a decomposition 
reaction takes by raising whenever [ about 5-minute and stoving temperature ] b shortened 
sharply, at 500 degree C. gasification and carbonization of resin wBI advance and the amount of 
generation of the light oil which b a useful component will fall. 

[0015] On the other hand, in the thermal decomposition in the nitrogen of a supercritical 
condition, the generation (gasification) reaction of the gas of the direction where a 
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increases can be controlled. Moreover, since [ that the pressure of a medium is high ] the 
consistency is large, it is possfeb for the collision frequency of a reaction molecule to increase 
and to take a large reaction rate comparatively also at low temperature. Furthermore, in the 
nitrogen of a supercritical condition, since there b no distinction with a liquid condition and a 
gaseous state, compared with the time of ordinary pressure, the decomposition reaction of resin 
can be advanced far. and the amount of generation of the light oil which is a low molecular 
weight constituent as a result can be increased. Furthermore, in decomposition processing of 
invention of such **** 2. by adding at least one kind of fluid chosen from water, methano 1 RU. 
a carbon dioxide, and oxygen, the decomposition reaction of resin can be promoted to the 
nitrogen of the supercritical condition which b a processing medium, and efficient processing can 
be performed more to it at low temperature. Moreover, there is an advantage that valuables, 
such as alcohol and aldehydes, can be obtained with light oil. as a decomposition product by 
addition of such a fluid. 

[0016] In the decomposition processor of this invention, as it b shown below, decomposition 
processing of resin trash is performed continuously, and separation recovery of the reusable 
useful component is carried out 

[0017] That is. for resin trash such as PET. after being cooled by the condensator below at the 
brittle temperature of resin, particle size b mum by the crusher. After being ground in the shape 
of [ of order ] fine particles, it is mixed with the medium of a decomposition reaction t%e water 
or a methanol by the mixer. 

[0018] Here, in order to make grinding of resin easy by embrittlement in advance of grinding, 
resin b cooled below to the brittle temperature, because plugging of the resin to a crusher, 
connection, etc. are lost and continuous operation is enabled. Since there is generally stickiness 
(viscosity) in thermopbstica, such as PET. if it applies to a crusher as it is. without cooling, 
these are avoidable by resin becoming soft with frictional heat and getting it blocked in a 
crusher, cooling resin and mak«g it weak, although there is a possfeility that un-anangmg. such 
as connection, may arise. Moreover, it is mum in this way. The resin pulverized for order is mixed 
with a liquefied reaction medium, and it is made the shape of a slurry for conveying and supplying 
resin continuously in a reaction vessel. 

[0019] Subsequently, the mature of the shape of an acquired slurry is sent to a decomposition 
reaction tub. Within a reaction vessel, the reaction medium b heated and pressurized by the 
heating device and the pressurization device more than that critical temperature more than 
critical pressure, and disassembly of resin trash is made by the reaction medium of this 
supercritical condition It is separated by the eliminator with a reaction medium and the reuse of 
the resin decomposition product generated within the reaction vessel b carried out as a useful 
object Moreover, a reaction medium is again returned to a mixer by the circulator style, and a 
reuse is carried out as a reaction medium. 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is expbined 
with reference to a drawing. 

[0021] Frst the equipment and the approach of removing the pewter on the circuit board and 
collecting resin trash as processing of the preceding paragraph which carries out decomposition 
processing with the fluids (water, nitrogen, etc.) of a supercritical condition, are expbined. 
[0022] The sample stage 2 installed in the bser room 1 as removal of this pewter and a recovery 
system were shown in dra wing J . Migration of X of the sample stage 2. Y. and a Z direction The 
controllable computer system 3. The condenser lens 8 for irradiating the bser emitted from the 
bser light source 4 which emits bser. and the bser light source 4 at the pewter on the circuit 
board 5 installed in the sample stage 2. It has the monitor 8 connected with the electronic 
supervisory equipment 7 for checking the exposure location of bser. and this supervisory 
equipment 7. Ar gas atomiser 9 which sprays and supplies Ar gas in the bser room 1. and the 
pewter reclaiming tower 10 which adsorbs the pewter contained in Ar gas and collects them. 
[0023] If it furthermore explains to a detail, the bser room 1 b a product made from stainless 
steel, bser is irradiated from the side (drawing left), the sample stage 2 is a product made from 
JIERARUMIN. and it is possible to deal with circuit board 5 sample to 30cm around. Although 



bser is introduced in the bser room 1 through a condenser lens 6 from the laser light source 4. 
it has the safety device so that an exposure may not be performed, until the protection-from- 
light door 1 1 b comptetery closed in the case of bser radbtion. Moreover, the discharge nozzle 

12 and the suction opening 13 of Ar gas are prepared in the both-sides side of the bser room I. 
respectively, a discharge nozzle 12 b connected to Ar gas atomiser 9, and the suction opening 

13 is connected to the pewter recbiming tower 10. respectively. The image of the circuit board 5 
by electronic supervisory equipment 7 can be used as the expansion image to 200 times, in order 
to be projected on a monitor 8. and for the cross-joint mark on a monitor image to serve as a 
bser radbtion location and to aradbte laser still more correctly. An YAG bser. ruby bser. etc. 
can be used for the bser emitted from the bser Bght source 4 that what is necessary is just the 
laser in which a melting pewter has the output which can be spouted at high speed that it can 
fuse because a pewter absorbs the energy. Moreover, as for oscillation mode, it is desirable to 
acquire the high bser pulse of a peak power with time amount width of face narrow as much as 
possfcle. and a Q switch pube, a giant pulse, its multi-spike, etc. are specifically good, making it 
the rate of flow to which the spray velocity of Ar gas is fused by bser radbtion. and the pewter 
which became an ultra fine particle and blew off is efficiently incorporated by Ar gas, and 
installation to the pewter reclaiming tower 10 is carried out smoothly — desirable — desirable - 
- It adjusts to 2 - 5 l/min extent In the gas induction of the pewter recbiming tower 10. an 
aperture so that the ultra fine particle of the attracted pewter may not disperse 0.1 to 1 
micrometer The filter 14 of the sScs fiber filter paper which is extent b arranged at three layers, 
also in front of the air valve 15 further installed in the upper part of the pewter recbiming tower 
10. a filter 14 is arranged and emission into the atmospheric air of a pewter is prevented. 
[0024] In this equipment although a pewter will absorb and fuse the energy of bser and a 
melting pewter will be spouted at high speed if direct bser is irradiated at the pewter on the 
circuit board 5. it quenches en ejection and it serves as an ultrafine particle. Pewters are 
collected by maintaining the inside of the bser room I at Ar gas ambient atmosphere 
beforehand spraying Ar gas further, incorporating the ultrafine particle of a pewter, and carrying 
out suction in ste Uation as it is in the pewter reclaiming tower 10. Thus, by removing and 
collecting all the pewters on the circuit board 5. it becomes possible to remove the mounting 
components on the circuit board 5 easily efficiently. 

[0025] In this way. decomposition processing b made to thermosetting resin, such as an epoxy 
resin which constitutes the circuit board by which the pewter was removed and mounting 
components were removed or common thermoplastics trash like PE. PP. and PET with the fluid 
(for example, inert gas. such as an acid or a water solution of a base, a methanol, and nitrogen) 
of a supercritical condition. 

[0026] As a decomposition processor, the continuous processor shown below, for example is 
used 

[0027] Namely, the rough blender 16 for this equipment to arrange magnitude mostly and break 
resin trash coarsely, as shown in drawing 2 . The pulverizing machine t9 which consists of the 
cooling section 1 7 and the grinding section 18 by liquid nitrogen. The mixer 20 which mixes the 
pulverized resin trash and a reaction medium, and the compressor 21 which sends in the mixed 
slurry-Hike mixture. The reaction vessel 23 equipped with the heater 22. and the nitrogen 
chemical cylinder 24 which introduces the nitrogen gas which pressurized the reaction vessel 23, 
Vapor-lirajid- separation machine 25a which separates generation gas and a liquefied object and 
oily or oil separator 25b which separates solid- state-like a resin decomposition product and a 
reaction medium. It has the solid-tiojid-separation machine 27 which separates the pump 26 
which supplies the separated reaction medium to a mixer 20 again, and a liquefied component 
and a solid-stateH*e component In addition, a sign 28 shows a heat exchanger. 
[0028] According to this equipment resin trash is pulverized by the particle size of mum order in 
the grinding section 18. after being first broken coarsely by the rough blender 16. and beng 
cooled by liquid nitrogen in the cooling section 17 below at a brittle temperature. Subsequently, 
after the resin trash of the shape of acquired fine particles is mixed by a reaction medium and 
homogeneity, such as water and a methanol, with a mixer 20. slurry-like mixture is continuously 
thrown in in a reaction vessel 23 by the compressor 21. When the reaction medium in a reaction 
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vessel 23 is heated at a heater 22 by the temperature more than critical temperature and it is 
pressurized by installation of the nitrogen from the nitrogen chemical cylinder 24 more than 
critical pressure, it will bo in a supercritical condition and decomposition processing of resin will 
be made by the reaction medium of this supercritical condition. And oil separator 25b separates 
into the resin decomposition product and reaction medium of the shape of oily or a sofid-state. 
and the excretions from a reaction vessel 23 are further separated into a aofid-state-Cke 
component and a liquefied component by the sofid-fiquid-separBticn machine 27, after a gas 
component is separated by vapor-fiqukj-separaticn machine 25a. The liquefied component which 
is tho decomposition product of resin is reusable as valuables. Moreover, it circulates through 
the reaction medium separated by the oil separator 25 with a pump 28. it is sent into a mixer 20. 
and use is again presented with it 
[0029] 

[Example] The concrete example of this invention is explained. In adoption, the example shown 
below shows the example which materialized this invention, and this invention is not limited to an 
example. Fart as processing of the preceding paragraph which carries out decomposition 
processing of the resin trash with the fluid of a supercritical condition, below, as the pewter on 
the circuit board was shown below, they were removed and collected. 
[0030] Namely, abbreviation With a BOg pewter Removal of a pewter and recovery were 
performed using the equipment with which the components of 120-piece remainder were 
mounted and which is shown in draw ing I in the circuit board of 20cm long and the product made 
of a 25cm wide glass epoxy resin. After carrying this circuit board 5 on the sample stage 2 h the 
laser room I. Ar gas discharge nozzle 12 was opened and Ar gas was introduced v> the laser 
room I by the rate of flow of 21. / min from Ar gas atomiser 9. Then. Ar gas suction opening 13 
is also opened and it is abbreviation in thb condition. Neglect for 1 hour fuOy filled the laser room 
1 with Ar gas. The image of the circuit board photoed with electronic supervisory equipment 7 
was checked by the monitor 8. and the exposure location and the order of an exposure of laser 
were determined. 

[0031] Subsequently, they are the oscillation frequency of 1000Hz. output 0.016J. and pulse 
half-vakjo width, shutting the protection -from-tight door 1 1 end using oscillation mode as a Q 
switch supersonic-wavo light modulation method by using the laser light source 4 into 
continuous oscillation YAG (wavelength: 1.08 micrometers). For 1 10ns. laser of 0.1 S MW of peak 
powers was performed to the pewter on the circuit board 5. and it irradiated sequentially from 
the front-face side first The pewter used for component mounting is abbreviation in the front 
face of the circuit board 5. A thing with a die length of 5mm Since it had stood in a lino at 
intervals of 1mm, the image on a monitor 8 was used as the 50 times as many expansion image 
as this, and it carried out so that laser might not be irradiated by the resin layer of the circuit 
board 5. By the exposure to such a pewter, it is die length. A 5mm pewter is fused. The time 
amount for about 2 seconds was required. After removing aD surface pewters, when the circuit 
board 5 was taken out from the laser room 1 and observed, there was nothing, and melting and 
tho aspect which blew off were seen and. as for tho damage on a resin layer, onfy a pewter was 
hardly able to check a pewter on the circuit board 5. 

[0032] Although there were also components which separate and fall from the circuit board by 
removal of such a pewter, since almost all components were soldered by the rear-face side of 
the circuit board through the through hole, they irradiated laser to the pewter by the side of the 
rear face of the crcuit board next In a rear face, it is diameter abbreviation. A 1mm pewter lump 
Since it had stood in a line at intervals of 1 .5mm. laser was eradiated as a 50 times as many 
expansion image as this lie tho front-face side. Per pewter lump When laser was irraoSated for 1 
second, after it fused the pewter and it blew off, they were collected in the pewter reclaiming 
tower 10. Since the components on the circuit board separated in it and coincidence one after 
another and fell to them, the exposure of laser was suspended when all components separated. It 
was 73.5 g when the quantum of the pewter which removes the filter 14 arranged to Ar gas 
induction of the pewter reclaiming tower 10 and by which it was adsorbed was carried out 
Moreover, the pewter by which the filter 14 arranged in front of an air valve 15 was adsorbed 
was below limit of detection. 
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result of Table 2 — resin — although black-ization was looked at by reaction mixture in the 
example I of a comparison although the whole quantity almost decomposed and the oily 
decomposition product was acquired with 95wt\ high yield, and some weight reduction was 
looked at by resin, most was still un-doeomposing. Moreover, the same reaction container is 
used and it is such a decomposition processing experiment Although continued for one month, 
corrosion or degradation were not looked at at all by the reaction container. 
[0038] Decomposition processing of epoxy resin trash was performed like tho example 1 except 
having used the water solution of the acid which replaces with an Examples [ 2-5 IN ) nitric-acid 
solution, and is shown in Table 3, or a base (temperature 380 degrees C. pressure 25MPa). 
Subsequently, the product obtained in the reaction container was divided into the residual resin 
which is a gas component a decomposition oH. and a solid, respectively, the weight of each 
matter was measured, and it asked for yield. A result is shown in Table 3. 
[0039] 
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In the examples 2-5 which carried out decomposition processing of the epoxy resin trash with 
the acid of a supercritical condition, or tho water solution of a base, the great portion of resin 
decomposed and the oily decomposition product was acquired with high yield so that clearly from 
the result of Table 3. As a reaction metfum. the cracking severity of the water solution of an 
acid was more expensive than the base, and the cracking severity of the nitric acid was more 
expensive than the hydrochloric acid in the water solution of an acid. Moreover, about the base, 
the cracking severity of the potassium-hydroxide water solution was more expensive than the 
sodium-hyoVoKioe water solution. 

(0040] Next the concrete example which carried out decomposition processing of the bash of 
thermoplastics, such as PP and PE. in the nitrogen of a supercritical condition is explained. 
[0041] trash of resin, such as example 6PP and PE after crushing to about 1cm granularity — 
the — 1 0g was put into the reaction container and it put in into the sand bath constituted so 
that it covered, and might have a heater 1 and might act as the monitor of whenever [ stoving 
temperature ] with a thermometer, fri addition, the reaction container is connected with the 
nitrogen chemical cylinder, and nitrogen gas is supplied until the pressure in a reaction container 
reaches a desired pressure at a room temperature. Moreover, the air in a reaction container is 
beforehand extracted with a vacuum pump, and is permuted by nitrogen gas. 
[0042] In this way. the critical pressure (3.39MPa) is exceeded in a reaction container. While 
supplying the nitrogen which pressurized tOMPa, it is the inside of a reaction container. It heated 
at 450 degrees C and resin trash was made to react for 30 minutes by the nitrogen-gas- 
atmosphere mind of such a supercritical condition Moreover, the rough debris of resin, such as 
PP and PE. was put into the reaction container, and it was made to react for 30 minutes by 
ordinary pressure and the rwtrogen-gas-atmosphere mind of 450 degree C f or a comparison. 
Subsequently, the product obtained in the reaction container in the example 6 and the example 2 
of a comparison, respectively was divided into a gas component light oil. heavy oil. and the 
residual resin (carbide) that is a solid, respectively, and the weight of each matter was measu-ed. 
A measurement result is shown in Table 4. 
[0043] 
(Table 4} 



[0033] Moreover, the source of laser and oscillation mode were changed as shown in Tablo 1. the 
circuit board was processed sirmlariy. and the amount of recovery of a pewter was measured A 
measurement result is shown in Table I. This result showed most pewters on the circuit board 
(abbreviation BOg) having been removed, and having been collected in the pewter reclaiming 
tower. 



[0034] 
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Next the acid of a supercritical condition or the water solution of a base performed 
decomposition processing to the waste circuit board after the pewter was removed in this way 
and mounting components were removed. 

[0035] trash of the epoxy resin which constitutes the example 1 circuit board after crushing to 
about 1mm granularity — the — As shown in drawing 3 . 10g It put into the reaction container 
29 with a vokane of 50 cc formed by HasteBoy C. and after pouring out 20 cc of 1 more-N 
nitric-acid solutions and covering, it had heater Hajime 30 and put in into the sand bath 32 
constituted so that it might set as the monitor of whenever [ stoving temperature ] with a 
thermometer 31. In addition, the reaction container 29 is connected with the nitrogen chemical 
cyfinder 33. end nitrogen gas is supplied until the pressure in the reaction container 29 reaches a 
desired pressure at a room temperature. Moreover, the air b the reaction container 29 is 
beforehand extracted with a vacuum pump 34. and is permuted by nitrogen gas. The sign 35 
shows the pressure gage among drawing. 

[0038] In this way. nitric-acid solution h the reaction container 29 It maintained at 380 degrees 
C and the supercritical condition of 25MPa. and was made to react for 30 minutes, moreover, 
what crushed the epoxy resm like the example 1 for the comparison is put into the reaction 
container 29 with water — 25MPe and temperature It was made to react for 30 minutes at 380 
degrees C. Subsequently, the product obtained in the reaction container in the example 1 and 
the example 1 of a comparison, respectively was divided into the residual resin which is a gas 
component and oihlike a decomposition product (decomposition oil) and a solid, respectively, tho 
weight of each component was measured, and it asked for yield. A result is shown in Tablo 2. 
[0037] 

[Table 2] 
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the example I which carried out decomposition processing of epoxy resin trash like the waste 
circuit board with tho nitric-acid solution of a supercritical condition so that clearly from the 
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In the example 6 which carried out decomposition processing of the resin trash, such as PE. by 
the nitrogen-gas-atmosphere mind of a supercritical cencluon. there is little generating of a gas 
component and the yield (yield) of useful light oil has increased so that clearly from the result of 
Table 4. On the other hand, there is much resin (solid) which there is not only much generating 
of a gas component but remained with un- decomposing in the example 2 of a comparison 
processed by the nitrogen-gas-atmosphere mind of ordinary pressure, and the yield of light oil is 
low. 

[0044] As matter which promotes seven to example 1 1 reaction, water, methano 1 RU. a carbon 
dioxide, and oxygen were chosen, respectively, and these fluids were added at a rate shown in 
Table 5. respectively to the nitrogen gas which is a processing medium (h addition in the 
example 11. it considered only as the nitrogen gas which is a processing medium.). And nitrogen 
gas containing these fkiids 350 degrees C and lOMPa were heated and pressurized, and it was 
made to react to them for 30 minutes in this ambient atmosphere. 
[0045] Subsequently, the product obtained in the examples 7-1 1 was divided into a gas 
component light oil. heavy oil, and the residual resin (carbide) that is a solid, respectively, and 
the weight of each matter was measured. A measurement result is shown in Table 5. 
[0046] 

[Table5] 
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By aoVfing the fluid which promotes a reaction to the nitrogen of a supercritical condition, 
disassembly of the resin in low temperature was attained more, and cracking severity improved 
so that clearly from tho result of Tablo 5. Moreover, when component analysis of the obtained oil 
is also performed about an example 10. h addition to the hydrocarbon component which is the 
pyrorysato of resin, a useful component called an aldehyde and alcohols It turned out that it is 
contained 2.5 percent. 

[0047] Continuous decomposition processing of resin trash was performed by using the water of 
a supercritical condition as a reaction medium using the processor shown in example 12 drawing 

2. 

[0048] First after permuting by introducing nitrogen gas from the nitrogen chemical cylinder 24 
in a reaction vessel 23 and predetermined piping, the trash of tho PET bottle for soft drinks 
which removed the cap section was fed into the rough blender 16. And it is a weight ratio about 
the mixing ratio of the resin trash and water in a mixer 20. While being referred to as 6:5. it is 
about the temperature and the pressure in a reaction vessel 23 more than the critical 
temperature of water, and critical pressure. It was set as 400 degrees C and 40MPa, and 
decomposed by making resin trash pile up for 10 minutes in a reaction vessel 23. 
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[0049] After vapor-iicftiid-separation machine 25a separated the gas component oil separator 
25b separated oily, or the solid-state-Ike matter and the water which is a reaction medium, and 
the sofid-tiqiid-separation machine 27 separated the soBd-state-Wie component (residual resin) 
and the Bquefied decomposition product from the decomposition product discharged from the 
reaction vessel 23 further. 

[0050] Subsequently, the gas chromatography analyzed the product. An analysis result is shown 

below. 

(0051] 

am 

*'J:f?- iBnx 
TV?*** mnx 

sna (pet) /il 



constituents can be suppressed and useful Gght ol can be obtained with high yield. Furthermore, 
into the inert gas of a supercritical condition, by addng the fluid which promotes the reaction 
chosen from water, methano 1 RU. a carbon dioxide, and oxygen, decomposition processing at 
low temperature is attained more, and. in addition, generation recovery of the vaktables. such as 
alcohol and aldehydes, can be carried out. 

(0058] Furthermore, since according to the decomposition processor of this invention 
decomposition processing of the resin trash can be continuously carried out with the fluid of a 
supercritical condition and also the configuration of oquipment is simplified, heating from a room 
temperature can simplify equipment cost running cost operating procedure, etc. compared with 
the cracking unit of the required batch type for every time. 

(Translation done J 



This analysis result showed that the trash of PET was completely decomposed by the water of a 
supercritical condition, and the dicarboxyfic acid which is a reaction component was collected 
with high yield. Moreover, although this equipment performed continuous running for one month 
t time does not have that the pulverizing machine 19 and a compressor 21 stop by plugging of 
resin etc.. either, and it worked favorably. 

[0052] Continuation decomposition processing of PET bottle trash was performed by using the 
methanol of a supercritical condition as a reaction medium using the processor shown in example 
13 drawing 2. 

[0053] Mixing ratio of the resin trash and the methanol in a mixer 20 (weight ratio) While being 
referred to as 5:5. it is about the temperature and the pressure in a reaction vessel 23 more 
than the critical temperature of a methanol, and critical pressure. Set W as 300 degrees C and 
8MPa. resin trash was made to pile up for 20 minutes in a reaction vessel 23. and decomposition 
processing was carried out 

[0054] From the decomposition product discharged from the reaction vessel 23. like the example 
12. each [ oily or / which was separated after separating the solid-state-Hike matter and the 
methanol which is a reaction medium and separating a solid-state-Ike component (residual 
resin) and a bquefied decomposition product further ] component was analyzed, and it asked for 
yield An analysis result a shown below. 
[0055] 
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This analysis result showed that the trash of PET was completely decomposed by the methanol 
of a supercritical condition, and the dicarboxylic acid and the glycols which are a reusable useful 
component were collected with almost high yield Moreover, although continuous running was 
performed for one month. 1 time does not have a halt of the pulverizing machine 19 by plugging 
of resin etc. or a compressor 21. either, and it worked favorably. 
[0056] 

[Effect of the Invention] According to invention of **** 1. by processing the trash of 
thermosetting resin like the epoxy resin which constitutes the circuit board by the supercritical 
underwater by which the acid or the base was added, it can decompose into a low molecular 
weight constituent and the decomposition product of the shape of a reusable oil can be acquired 
with high yield so that clearly from the above explanation 

[0057] Moreover, according to invention of **** 2. by using inert gas like [ it is cheap and ] the 
nitrogen which does not have danger in the body, and making a thermal decomposition reaction 
perform in the inert gas ambient atmosphere of a supercritical condition, generating of gas 
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* NOTICES * 

JPO and NC1PI ire not responsible for any 
fences caused by the use of thit translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of tha Drawings] 

t^»*rin« J] Drawing showing the outline of equipment of removing and collecting the pewters on 
the circuit board as pretreatment in decomposition processing of this invention 
[Dra win g 2] Drawing showing roughly one example of the continuation decomposition processor 
of the resin trash of this invention. 

[Drawing 3) Drawing showing roughly one example of the decomposition art of the resin trash of 

this invention. 

[Description of Notations] 

17 — The cooling section by liquid nitrogen 

19 — _ Pulverizing machine 

20 Mixer 

21 — Compressor 

23 ..... Reaction vessel 

24 33 — Nitrogen chemical cylinder 
29 . — Reaction container 

32 Sand bath 



[Translation done.] 
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